because of its superior grain yield, disease resistance, and end-use quality performance under nonirrigated production in Nebraska and adjacent states.
Camelot was selected from the cross KS91H184/'Arlin' (PI 564246, Sears et al., 1997) Sib//KS91HW29/3/NE91631/4/ VBF0168 that was made in 1995. KS91H184 is an experimental line from Kansas and is a selection from a random mating population involving CI17884 (Wells et al., 1982 ; as cited by Haley et al., 2005) . The pedigree of KS91HW29 is 84WS164/2157. The pedigree of NE91631 is NE82761/'Redland' (PI502907, Schmidt et al., 1989) where the pedigree of NE82761 is CO725082 2*/'Roughrider' (CI17439, Erickson et al., 1977) where CO7250582 was derived from IL21183/2643//'Lancer' (CI13457, Schmidt et al., 1965 )/3/ KS62. The line VBF0168 was originally developed by Pioneer Hi-Bred International, Inc. and given to Kansas State University; however, the pedigree has been lost.
Methods Early Generation Population Development
Camelot was developed using a bulk breeding procedure. The initial cross (made in spring 1995) and F 1 plants were grown over the winter in the greenhouse and the F 2 seed was harvested in bulk in May 1996. The F 2 bulk generation was grown in an unreplicated breeding nursery at Mead, NE, that was planted in September 1996 and harvested in July 1997 with a small plot combine. Each F 2 bulk was planted in a four-row plot with each row being 2.4 m long with 30 cm between rows. The seeding rate was 54 kg ha -1
. After a mild culling selection of less than 5% to remove very poor bulks (usually based on poor winter survival, although also on poor disease resistance, extreme lateness, or lodging), F 3 bulks were planted in September 1997, in an unreplicated F 3 bulk nursery, each as a four-row plot that was 6.6 m long with 30 cm between rows. Of F 3 populations, approximately 50% were visually selected on the basis of winter survival, disease resistance, and general agronomic appearance (mainly plant height, fl owering date, standability, and visually estimated yield potential). Each selected population was advanced by random sampling of approximately 100 spikes, although especially meritorious bulks had a sample of 200 to 300 spikes selected in July 1998. Selected spikes were threshed individually and planted in a headrow nursery in September 1998. Headrow selections were planted as a single row in a four-row set that was 0.9 m long with 30 cm between rows.
Line Selection and Evaluation
On the basis of visual appraisal of uniformity and agronomic appearance, Camelot was selected from the headrow nursery as an F 3:4 line in July 1999. Three lines were selected from the population. In August 1999, before planting, all headrow harvested seed was visually inspected for kernel plumpness and discoloration indicating diseased or stressed plant growth. Less than 5% of the harvested head rows were normally discarded; in this case, however, one of the three selections was discarded. In September 1999, Camelot and 1518 other headrows were advanced to an unreplicated observation nursery with replicated check cultivars 'Alliance' (PI 573096; Baenziger et al., 1995) planted at plot numbers ending in 25 (i.e., 15025, 15125, 15225, etc.) , 'Arapahoe' (PI 518591; Baenziger et al., 1989) planted at plot numbers ending in 50, 'Jagger' (PI 593688; Sears et al., 1997a) planted at plot numbers ending in 75, and '2137' (PI 592444; Sears et al., 1997b) planted at plot numbers ending in multiples of 100. The observation nursery was planted at Lincoln and Mead, NE. At Lincoln, each line was planted in a four-row plot with each row being 2.4 m long with 30 cm between rows. At Mead, each line was planted in a single row that was 2.4 m long with 30 cm between it and adjacent rows. Over the winter, all of the lines were evaluated in the greenhouse for their resistance to stem rust (caused by Puccinia graminis Pers.:Pers. f. sp. tritici Eriks & E. Henn.) using race TPMK. Four hundred twenty-seven experimental lines and 18 plots of the check cultivars were harvested in July 2000, on the basis of winter survival (determined at Mead, NE), resistance to stem rust and other diseases prevalent in the fi eld, uniformity, general agronomic appearance (mainly plant height measured from the soil surface to the tip of the spikes, excluding the awns; fl owering date measured as the number of days to when 50% of the emerged spikes had extruded anthers; standability, measured using a scale of 1 to 10, with 1 being little to 10% lodging and 10 being 100% lodged; and visually estimated grain yield potential at maturity). At harvest, the center two rows of each selected four-row plot in Lincoln were cut using a two-row sickle bar cutter and threshed using a stationary thresher (to ensure pure seed). After harvest, the actual grain yields of the visually selected experimental lines were compared to the check cultivar grain yield mean and specifi cally to those check cultivar plots closest to the harvested experimental line. The lowest grain yielding lines were discarded. For the remaining lines, 40 g of grain were tempered to a moisture content of 152 g H 2 O kg -1 grain and milled in a Brabender Junior Laboratory mill (C.W. Brabender Instruments, Inc., South Hackensack, NJ). The fl our was separated from the bran using a shaker (Strand, Minneapolis, MN) at 225 rpm for 90 s with a U.S. Standard Sieve No. 70 and weighed to estimate the fl our yield per 40-g sample of grain. Flour protein concentration was determined by near-infrared refl ectance spectroscopy using fl our samples from each plot following Method 39-70 (American Association of Cereal Chemists, 2000) . Flour mixing characteristics were evaluated on a 10 g fl our sample using a Mixograph (National Manufacturing Co., Lincoln, NE) according to the Approved Method 54-40 (American Association of Cereal Chemists, 2000) with a constant water absorption of 610 g H 2 O kg -1 of fl our. Mixograph mixing time (hereafter referred to as mixing time) was determined as the time in minutes required to reach peak dough resistance. Mixograph mixing tolerance (hereafter referred to as mixing tolerance) was rated based on the comparison against standard curves in the Nebraska Wheat Laboratory using a scale from low (0) to very high tolerance (7), with higher scores indicating greater tolerance of dough to overmixing using Approved Methods 54-40 (American Association of Cereal Chemists, 2000; Baenziger et al., 2001b) . Wheat lines with a mixing time of >3 min and a mixing tolerance scores of >3 are considered as having an acceptable end-use quality (Baenziger et al., 2001b) , although year-to-year variation as seen in the check cultivar values can lead to selecting lines with lower mixing times and tolerance scores.
On the basis of high agronomic performance and acceptable end-use quality, 280 hard red winter wheat lines were planted in an unreplicated trial with replicated checks (Alliance, Millennium, 'Pronghorn' [PI 593047; Baenziger et al., 1997] , 'Wesley' [PI 605742; Peterson et al., 2001 ], and 2137 planted every 100 plots at 20-plot intervals) and 30 hard white winter wheat lines (including 'Nuplains' [PI 612576] and 'Trego' [PI 612576; Martin et al., 2001] as checks) for a total of 330 plots. The hard red wheat lines were sorted on the basis of fl owering date, with those having the earliest fl owering dates being fi rst in the nursery. This trial was planted in September 2000 at six locations (Lincoln, Mead, Clay Center, Grant, Sidney, and Alliance, NE). Each line was planted in a four-row plot with each row being 2.4 m long with 30 cm between rows, and all four rows were harvested using a small plot combine, with the exception of North Platte, which was abandoned due to hail. Over the winter, all of the lines were evaluated in the greenhouse for their resistance to stem rust using race TPMK. The lines were also evaluated at the USDA-ARS Cereal Disease Laboratory, St. Paul, MN, for stem rust resistance. The name Camelot (NE01604) was derived from this nursery as the line was harvested in 2001 (e.g., the 01) and it was entry 604 (the entries ranged from 401 to 730).
On the basis of grain yield, grain volume weight, plant height, fl owering date, stem rust resistance, mixograph mixing time and tolerance, and agronomic appearance, Camelot and 56 other lines (19% selection intensity) were selected and planted in advanced yield trials with three check cultivars (Alliance, Pronghorn, and Wesley) in September 2001. These trials were planted in three replications at fi ve locations (Lincoln, Mead, Clay Center, Sidney, and Alliance) and two replications at three locations ( at harvest, strips were rogued to remove tall, red-chaffed, and other variants. A subsample of seed harvested from these strips was planted in a longer strip plot ( 
Statistical Analyses
To analyze data during the development of Camelot, replicated trials with two replications were analyzed as randomized complete blocks and replicated trials with three or more replications were analyzed using the nearest neighbor (NNA) procedure of Agrobase 21 (Agronomix Software, Inc., Winnipeg, Canada; Stroup et al., 1994) . Because Nebraska has three major wheat-producing regions (Peterson, 1992) , the data were analyzed within a location within region and rarely over locations for the advanced and NIN trials. Location means and ranks were studied and lines were selected by having excellent performance within a location, across locations within a region, and all locations within a year based on the arithmetic mean of the NNA adjusted means, or across locations and years based on the arithmetic mean of the NNA adjusted means. A truncated selection procedure was used as a risk avoidance strategy (basically if a line did well in one or 2 yr and then poorly in the next year, the line was not continued because it might perform poorly in a producer's fi eld). Analyses of the NRPN data used SAS (SAS Institute Inc., Cary, NC) for a randomized complete block design within locations and across locations within a year. Entries changed greatly between years in the NRPN, making over-year comparisons diffi cult. For the NESVT, the trials were analyzed using SAS using a row and column correction (PROC MIXED) for each location and analyzed across years within a region. Entries varied greatly across regions; hence, analysis across regions and locations was not done using SAS, but the arithmetic mean for lines in common were considered. Only entries common to the trials across years within a region in the NESVT (2004 NESVT ( -2006 were analyzed using randomized complete block designs.
Characteristics Agronomic and Botanical Description
While considerable data is available from the breeding nurseries during the line development, the majority of data presented here will be from the NESVT (Tables  1, 2 , and 3) and NRPN as their complete reports are North Platte, and Grant) with the same plot size as the preliminary yield trials. The lines were evaluated for stem rust resistance in the University of Nebraska greenhouses and at the USDA-ARS Cereal Disease Laboratory, and remnant grain samples from western Nebraska (e.g., those harvested locations other than Lincoln or Mead, which were harvested for seed) were composited and analyzed for milling and bread-baking properties using 100-g pup loaves where the bake sample mix time, water absorption, baked loaf volume, and external and internal grain and texture were measured (using AACC approved methods; American Association of Cereal Chemists, 2000; Baenziger et al., 2001b) . The lines were also evaluated for their resistance to Hessian fl y (Mayetiola destructor Say) by the USDA-ARS Plant Science and Entomology Research Unit and Kansas State University.
On the basis of grain yield and other characteristics as described above, Camelot and 17 other lines (30% selection intensity) were selected and planted in the Nebraska Intrastate Nursery (NIN) in September 2002 using plot methods similar to previous trials. The NIN is the elite rainfed (nonirrigated) trial for the breeding program and was planted with three replications at Mead, Clay Center, North Platte, Sidney, and Alliance and with four replications at Lincoln. Lines continue in this nursery until they are released or dropped from further consideration. The lines were evaluated for winter survival, agronomic performance, stem rust resistance, Hessian fl y resistance, and bread-making properties as previously described. The trial at Alliance was abandoned, but all other sites were harvested.
In September 2003, Camelot and nine lines (55% selection) continued testing in the NIN as described previously. All locations were harvested. In September 2004, Camelot and seven lines continued to be tested in the NIN (all locations were harvested and evaluated as described previously). Camelot was also entered into the cooperative USDA-ARS Hard Winter Wheat Northern Regional Performance Nursery (NRPN). In September 2005 Camelot continued testing in the NIN and NRPN and was entered into the Nebraska State Variety Trial (NESVT), the offi cial rainfed and irrigated state variety trial for Nebraska. The number of replications in the NESVT varied from as low as three to as many as fi ve harvested replications. The plot size (2.4 m by 1.2 m to three times that size) and row spacing (17.5 to 35 cm between rows) varied with the region of the state. The NESVT is planted at 13 to 15 rainfed and two to three irrigated locations in Nebraska or combined with close locations in Wyoming. Normally, one to three locations are lost yearly due to hail, freezes, drought, or severe disease. Camelot continued to be evaluated in the NIN and NESVT in 2006 and 2007 as described above.
Seed Purifi cation and Increase
Seed purifi cation of Camelot began in the 2004 crop year using visual identifi cation and manual removal of variants (primarily tall and red-chaffed off-types) from bulk seed increases grown under rainfed conditions at Lincoln, NE. Haley et al., 2000) for heading. The winter hardiness of Camelot (80%) is good to very good, similar to, but less than Nuplains (86%), and comparable to other winter wheat cultivars adapted and commonly grown in Nebraska.
After heading, the Camelot's canopy is moderately closed and nodding. The fl ag leaf is erect and twisted at the boot stage. The foliage is dark green with a light waxy bloom on the leaf sheath and spike at anthesis but not on the leaves. The leaves are generally glaborous, but a few leaves have very short hairs parallel to the leaf veins. The spike is tapering to blocky, narrow, midlong, and middense. The glume is long and narrow, and the glume shoulder is narrow and rounded to square. The beak is moderately long in length with an acuminate tip. The spike is predominantly inclined at maturity with some spikes nodding. Kernels are red colored, hard textured, and mainly ovate in shape. The kernel has no collar, a large brush of medium length, rounded cheeks, large germ, and a narrow and shallow crease. The LSD was calculated from the analysis of variance using all of the values of the entries that were in the trial including many experimental lines not shown in the table. The LSD (least signifi cant difference p < 0.05) was calculated from the analysis of variance using all of the values of the entries that were in the trial including many experimental lines not shown in the table.
by P. striiformis Westendorp f. sp. tritici; data obtained from fi eld observations in the Great Plains), and Hessian fl y. ). The highest-yielding cultivar in those years was 'NE01643' (PI 647959; Baenziger et al., 2008) , which is sold under the name Husker Genetics Brand 'Overland' (4119 kg ha ) has also performed well in organic production systems (two environments), similar to Wahoo (3968 kg ha ). In positioning Camelot, on the basis of performance data to date, it should be well adapted to most rainfed wheat production systems in Nebraska and in adjacent areas of the northern Great Plains. Being a broadly adapted wheat line may explain its good agronomic performance in the NRPN. Where it is adapted, Camelot should be a replacement for 2137, Wahoo, and Wesley (for rainfed production), although Wesley has better straw strength. Camelot is genetically complementary (meaning the compared lines do not have recent parents in common and there is less likelihood to have genes identical by descent) to Husker Genetic Brand Overland, Millennium, Infi nity CL, and Antelope. It is noncomplementary (meaning they share common recent parents and may have a higher likelihood of having genes identical by descent) to Hatcher and 2137. To avoid genetic vulnerability caused by biotic and abiotic stresses, growers in Nebraska who grow more than one wheat cultivar are recommended to grow complementary cultivars.
End-Use Quality
The milling and baking properties of Camelot were determined for 5 yr by the Nebraska Wheat Quality Laboratory (Table 4) . In these tests, Millennium, an excellent milling and baking wheat, was used for comparison. All reported values were measured at a 140 g H 2 O 1000 g -1 fl our basis. The average wheat and fl our protein concentration of Camelot (135 and 127 g kg ). Dough mixing properties of Camelot were acceptable (mixtime peak was 3.6 min, and mixtime tolerance was scored as 3.5), which was weaker than Millennium (mixtime peak of 3.8 min, and mixtime tolerance scored as 3.5). Average baking absorption (618 H 2 O g kg ). The scores for the external loaf score, internal crumb grain, and texture ranged from 3.6 to 4.5, where 5 is excellent, which was better than Millennium, which ranged from 3.9 to 4.1. The overall end-use quality characteristics for Camelot (scored as 4.3, where 5 is excellent) was better than Millennium (4.0) and superior to many commonly grown wheat cultivars. Camelot should be acceptable to the milling and baking industries.
Availability
The Nebraska Foundation Seed Division, Department of Agronomy and Horticulture, University of Nebraska-Lincoln, Lincoln, NE 68583 had Foundation seed available to qualifi ed certifi ed seed enterprises who are members of
